A history of posttraumatic stress disorder (PTSD), if uncontrolled, represents a contraindication for kidney transplantation. However, no previous large study has assessed the association between pretransplant history of PTSD and posttransplantation outcomes. We examined 4479 US veterans who had undergone transplantation. The diagnosis of history of PTSD was based on a validated algorithm. Measured covariates were used to create a matched cohort (n = 560). Associations between pretransplant PTSD and death with functioning graft, all-cause death, and graft loss were examined in survival models. Posttransplant medication nonadherence was assessed using proportion of days covered (PDC). From among 4479 veterans, 282 (6.3%) had a history of PTSD. The mean age ± standard deviation (SD) of the cohort at baseline was 61 ± 11 years, 91% were male, and 66% and 28% of patients were white and African American, respectively. Compared to patients without a history of PTSD, patients with a history of PTSD had a similar risk of death with a functioning graft (subhazard ratio [SHR] 0.97, 95% confidence interval [CI] 0.61-1.54), all-cause death (1.05, 0.69-1.58), and graft loss (1.09, 0.53-2.26). Moreover, there was no difference in | 2295 SIWAKOTI eT Al.
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| INTRODUC TI ON
Renal transplantation is the treatment of choice for patients with end-stage renal disease. 1 However, there continues to be a huge disparity between the availability of organs and the number of patients on the waiting list. As per the Organ Procurement and Transplantation Network, there are currently (8/2018) 94 893 patients on the waiting list for renal transplantation, whereas the number of donors available for renal transplants is 9356. 2 To try to prevent waste of any available organs as well as to ensure a good posttransplant outcome, thorough medical, surgical, financial, and psychosocial evaluation is done to determine whether a patient will be an appropriate transplant candidate.
Coexisting psychiatric disorders have been suggested as a contributor to poor transplant outcomes due in part to behavioral factors such as nonadherence to medical therapy as well as physiologic factors such as modification of immunologic and stress responses. 3, 4 Specific guidance for mental health disorders in the transplant assessment process is hampered by the lack of robust quality evidence.
Transplant programs commonly include some form of assessment of mental health problems, but there is a lack of consensus on both how best to assess mental health and what constitutes an absolute contraindication to transplantation. [5] [6] [7] Multiple guidelines list active psychiatric illness as an absolute contraindication without a very clear definition of what constitutes an active psychiatric illness.
In addition, active substance abuse and medication nonadherence have been listed as absolute contraindications, 5, 6, 8 both of which are highly prevalent in patients with psychiatric illness.
Posttraumatic distress syndrome (PTSD) as defined by the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) is a stress-related disorder that occurs after exposure to a serious/life-threatening traumatic event, which is associated with intrusion symptoms related to the event (eg, nightmares, flashbacks), as well as avoidance of stimuli associated with the event, negative alterations in cognition and mood, and marked alteration in arousal and reactivity that lasts for more than 1 month after the initial traumatic event. 9 The prevalence of lifetime PTSD in the general US population is estimated to be between 6.1% and 8.3%. 10, 11 PTSD has been postulated to be associated with modification of stress response in the body as well as causing a pro-inflammatory state. 12 Several studies have identified PTSD as a risk factor for cardiometabolic diseases as well as a predictor of poor outcomes in comorbid conditions such as acute myocardial infarction, asthma, and cancer. [13] [14] [15] [16] [17] PTSD has also been shown to be associated with other psychiatric comorbidities (depression, anxiety), substance abuse, and noncompliance with medications and follow-up. 13, [18] [19] [20] With the association of PTSD with comorbidities, substance abuse, and poor compliance, patients with PTSD may not be viewed favorably when being considered for transplant candidacy. In addition, the majority of transplant programs consider a history of psychosocial conditions such as PTSD a relative or absolute contraindication for transplantation. 21, 22 However, the data are sparse on the relationship of pretransplant PTSD with posttransplant outcomes or with access to transplantation. Previous studies have shown that posttransplant PTSD was associated with worse physical-and mental health-related quality of life, 23 whereas the association between presence of PTSD and medication adherence is conflicting. 24, 25 Consequently, the association between a history of PTSD pretransplantation and graft and patient outcomes posttransplantation is still uncertain.
To address this knowledge gap, we aimed to investigate the association of history of pretransplantation PTSD with posttransplant all-cause mortality, death with functioning graft, graft loss, and medication adherence using a large nationally representative cohort of US veterans with pre-and posttransplantation data.
We hypothesized that the history of pretransplantation PTSD is associated with a higher risk of death, graft loss, and medication nonadherence.
| MATERIAL S AND ME THODS
| Data source and cohort definition
We analyzed longitudinal data of kidney transplant recipients from the Transition of Care in Chronic Kidney Disease (TC-CKD) study, a retrospective cohort study examining US veterans with late-stage nondialysis-dependent chronic kidney disease (NDD-CKD) transitioning to renal replacement therapy from October 1, 2007 through March 31, 2015. 26, 27 A total of 102 477 US veterans were identified from the United States Renal Data System (USRDS) as a source population. Only individuals who received preemptive kidney transplantation or transitioned to receive dialysis therapy and then subsequently received kidney transplantation were included in the source population. The algorithm for immunosuppressive drug PDC in patients with and without a history of PTSD (PDC: 98 ± 4% vs 99 ± 3%, P = .733 for tacrolimus; PDC: 99 ± 4% vs 98 ± 7%, P = .369 for mycophenolic acid). A history of PTSD in US veterans with end-stage renal disease should not on its own preclude a veteran from being considered for transplantation.
K E Y W O R D S
clinical research/practice, epidemiology, graft survival, health services and outcomes research, kidney transplantation/nephrology, patient survival the cohort definition is shown in Figure 1 . We excluded patients who were never transplanted (n = 97 220) and those without any available information on comorbid conditions including a history of PTSD (n = 531), which resulted in a study population of 4479 patients. From these 4479 patients, a combined exact-and propensity score-matched cohort was created including 560 kidney transplant recipients. 
| Exposure variable
| Assessment of medication adherence and persistence
Detailed information about each tacrolimus and mycophenolic acid prescription was collected during the first year after kidney transplantation in a subcohort of propensity score-matched F I G U R E 1 Flow chart of the patients' selection patients (n = 348 for tacrolimus and n = 119 for mycophenolic acid), using both CMS Data (Medicare Part D) and VA pharmacy dispensation records. Proportion of days covered (PDC) and medication persistence were calculated. The detailed description of PDC has been published previously. 7, 27, [33] [34] [35] Figures S1-S2 shows the graphical description of the calculations for different adherence methods.
Briefly, PDC was defined as the proportion of days when the drug was available in the measurement period, capped at 100%. 34, 35 The index date was the date of the first available prescription after transplantation. The last prescription had to be dispensed before the first-year transplantation anniversary, and the full prescription period was included in the denominator, regardless of whether the supply lasted until after the date of the first-year transplantation anniversary. Only outpatient prescriptions were taken into account.
For medication persistence, the following algorithm was used: persistence was coded as being 1 (present) if a patient refilled each subsequent prescription with gaps not exceeding 30 days; otherwise, it was coded as 0 (absent, or nonpersistent). 35 
| Outcome assessment
The primary outcomes of interest were death, graft loss, and adherence to immunosuppressive drugs after kidney transplantation. Allcause mortality data, censoring events, and associated dates were obtained from VA and USRDS data sources.
| Statistical analyses
Baseline patient characteristics were summarized according to the presence or absence of history of PTSD and presented as percent for categorical variables and mean ± standard deviation (SD) or median and interquartile range (IQR) for continuous variables. Differences between patients with and without history of PTSD were assessed, using standardized differences before and after a combination of exact and propensity score matching.
We created a matched cohort of patients with and without PTSD by combining exact matching on key variables with propensity score matching on remaining variables, in order to ensure that the 2 groups were balanced for all key covariates. 36 Exact matching was performed on the following variables: gender, race, type of donor (living vs deceased), and diabetes. The propensity score calculations were based on a priori selected additional 10 variables (age at transplant, Charlson Comorbidity Index [CCI], use of native vitamin D, service connection, smoking status, depression, use of aspirin, use of alpha blockers, use of calcium channel blockers and use of potassium sparing diuretics) based on the predictors of PTSD, using multivariate logistic regression models (Table S1) and a literature review. When exact matching on the preceding 4 variables resulted in a subgroup with few patients, only a limited number of the 10 additional covariates entertained for the respective propensity score model was used. When such a model could not be estimated due to too few events in the subgroup, we matched on age at transplant and CCI directly (see Table 1 and Table S2 for details).
The following outcomes were defined a priori:
1. For the all-cause death analysis, the start of the follow-up period was the date of kidney transplantation, and patients were followed up until death or other censoring events including loss to follow-up, or end of follow-up period. 26, 27 For this analysis, we used Kaplan-Meier method and Cox proportional hazards regression.
2.
For the death with functioning graft analysis, the start of the follow-up period was the date of kidney transplantation, and patients were followed up until death or other events, including graft loss, loss to follow-up, or end of follow-up period (September 1, 2015). 26, 27 For this analysis, we used competing risks regression (by Fine and Gray 37 ), where the primary outcome was death and the competing outcome was graft loss. Data were censored for loss to follow-up, or end of follow-up period.
3.
For the graft loss analysis, the start of the follow-up period was the date of kidney transplantation, and patients were followed up until graft loss or other events including death, loss to follow-up, or end of follow-up period. 26, 27 For this analysis, we used competing risks regression (by Fine and Gray 37 ), where the primary outcome was graft loss and the competing outcome was death. Data were censored for loss to follow-up, or end of follow-up period.
4.
Finally for immunosuppressive medication adherence, we calculated proportion of days covered (PDC) and medication persistence for tacrolimus and mycophenolic acid. The mean ± standard deviation (SD) of PDC for immunosuppressive drugs were compared, using t test, whereas chi-square tests were used to compare medication nonpersistence for different immunosuppressive drugs.
We conducted several sensitivity analyses to evaluate the robustness of our main findings. Association was examined in the entire population using unadjusted and multivariable-adjusted competing risks regression and Cox proportional hazard models as prescribed earlier.
In our multivariable-adjusted model, we adjusted for the following 
| RE SULTS
| Baseline characteristics
The mean ± SD age of the cohort at baseline was 61 ± 11 years, 91%
were male, and 66% and 28% of patients were white and African American, respectively. Eighteen percent of the transplantations were preemptive, 63% of the recipients were married, and 57% of the patients were diabetic. In the entire cohort, we identified 282 and 4197 patients with and without a history of PTSD, respectively.
Baseline characteristics of patients categorized by history of PTSD status are shown in Table 1 . In the original cohort (n = 4479), patients with history of PTSD were more likely to be male and white, a current smoker, have a higher prevalence of several comorbidities and were more likely to receive antihypertensive medications. These differences largely disappeared after matching (Table 1 ).
| Death with functioning graft
During a median follow-up period of 2 years, a total of 72 deaths (13%) Figure 2A . Compared to patients without a history of PTSD, patients with a history of PTSD had a similar risk of death with functioning graft in competing risks regression in the matched cohort overall (subhazard ratio [SHR] 0.97, 95% CI 0.61-1.54) ( Table 2 ), in different subgroups ( Figure 3A ) and in the entire cohort after adjustment for confounders (SHR 1.08, 95% CI 0.73-1.59;
Tables S3-S4) or after adjustment for unbalanced confounders (Table S5 ).
| All-cause death
Compared to patients without a history of PTSD, patients with a history of PTSD had similar all-cause mortality risk in the matched cohort overall (hazard ratio [HR] 1.05, 95% CI 0.69-1.58; Table 2 ), in different subgroups ( Figure 3B ) and in the entire cohort after adjustment for confounders (HR 1.17, 95% CI 0.83-1.65; Tables S3-S4) or after adjustment for unbalanced confounders (Table S5 ). Figure 2B . Compared to patients without a history of PTSD, patients with a history of PTSD had similar graft loss risk in competing risks regression in the matched cohort overall (SHR 1.09, 95% CI 0.53-2.26; Table 2 ), in different subgroups ( Figure 3C) , and in the entire cohort after adjustment for confounders (SHR 1.02, 95% CI 0.56-1.85 ; Tables   S3-S4 ), or after adjustment for unbalanced confounders (Table S5 ).
| Graft loss
| Medication nonadherence
Of the 560 patients in the matched cohort, 348 patients received tacrolimus prescriptions. The average PDC for tacrolimus in the first year after transplantation was 98 ± 3%. There was no difference in PDC between patients with and without a history of PTSD (PDC:
F I G U R E 2 Cumulative incidence of death with functioning graft (A) and graft loss (B) using competing risks regression models in the propensity-matched cohort F I G U R E 3 Association between history of PTSD and death with functioning graft (A), all-cause death (B), and graft loss (C) in the propensity-matched cohort in different subgroups 98 ± 4% vs 99 ± 3%, P = .733). In addition, the 30-day persistence with drug therapy was also similar in patients with and without a history of PTSD (98% vs 99%, P = .409).
Of the 560 patients in the propensity-matched cohort, 119 received mycophenolic acid prescriptions. The mean PDC for mycophenolic acid in the first year after transplantation was 98 ± 5%.
There was no difference in PDC in patients with and a without history of PTSD (PDC: 99 ± 4% vs 98 ± 7%, P = .369). In addition, the 30-day persistence with drug therapy was also similar in patients with and without a history of PTSD (96% vs 98%, P = .630).
| D ISCUSS I ON
In this large national cohort of incident kidney transplant US veterans, we found that recipients with a history of PTSD have similar survival and graft loss risk compared to recipients without a history of PTSD. In addition, we showed that these recipients with a history of PTSD have similar posttransplant immunosuppressive medication adherence compared to their counterparts without this diagnosis.
To our knowledge, our study is the first to assess the association between pretransplant PTSD and outcomes after kidney transplantation. There have been few studies that have assessed the relationship between PTSD and transplant outcomes, most of which assessed posttransplant PTSD and examined nonkidney solid organ transplant recipients, which may explain why their findings were different from ours. 23, 24, [38] [39] [40] [41] Almost all of these studies were observational studies and examined a limited number of subjects. These studies have been consistently associated with poor outcomes such as worse mortality and physical and mental health. 23, [38] [39] [40] More recent studies performed in US veterans showed no worse posttransplant outcomes in solid organ transplant patients who had pretransplant serious mental health disorders and in kidney transplant recipients with pretransplant psychosis or mania. 7, 25 These results are consistent with our present findings in PTSD patients, which also show that patients with pretransplant PTSD had comparable degrees of medication adherence compared to patients without pretransplant PTSD. Previous studies have shown medication noncompliance to be a major risk factor for graft rejection and poor outcomes posttransplant. 38, 42 Multiple studies in the past have also shown PTSD to be associated with poor medication adherence. 18, 24, 43, 44 A potential explanation for the observed medication adherence in our study is that the veterans who underwent transplantation may, as a consequence of the transplant evaluation process, have less severe or well-managed PTSD symptoms compared to those not considered for transplantation.
There are several strengths of our study. We used a validated method to select patients with PTSD from administrative datasets. 28, 45 In addition, we had sufficient power to examine different outcomes such as death and graft loss after transplantation. We were also able to take into consideration several important confounders such as demographic, medications, comorbidities, and laboratory results. Finally, our study is the first that has examined medication adherence as an outcome associated with PTSD.
Our study has certain limitations. More than 90% of our patient population was male and all our patients were US veterans; so, the study might have limited external validity when applied to women or patient populations outside the United States. We have used administrative database and ICD codes for evaluation of diagnoses and outcomes instead of direct clinical evaluation, which might have led to over-or underdiagnosis of PTSD. Our use of a definition based on a validated algorithm 28, 45 is an attempt to eliminate this potential bias. Because this is a retrospective cohort study in patients who had already been selected for renal transplantation, our findings may not apply to patients with severe uncontrolled PTSD who were eliminated from transplant candidacy. In addition, patients may hide their PTSD symptoms from their healthcare providers due to concern that this may exclude them from transplantation. Notwithstanding the validity of this general concern related to administrative data, the priorities of the VA make identification and management of PTSD more likely in the VA than in other healthcare systems. Another disadvantage of using an administrative dataset for our study is that we did not have any details about symptoms, about the clinical care of these patients, and whether there was any special care or guidance received by these patients that might have skewed our results one way or the other. Our study cannot address whether outcomes are dependent on severity of symptoms and/or management of PTSD before and after transplantation, as this information is not deduced from our administrative data. Similarly, because the criteria for selection of individual veterans for transplantation is unknown, the extent to which PTSD factored into the selection process is also unknown. In addition, being an observational study, it is impossible to eliminate bias from unmeasured confounders.
Finally, our population consisted of transplant patients who were obviously selected for transplant waitlisting. It is very likely that patients with PTSD who were deemed high risk were excluded from waitlisting, and hence our study cannot answer the question whether a history of PTSD should be a relative contraindication of listing patients for kidney transplant.
| CON CLUS ION
In conclusion, this large national cohort of US transplant recipients with a history of PTSD shows similar medication adherence and survival and graft loss risk compared to recipients without PTSD.
This demonstrates that after evaluation and management, select 
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